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Abstract
Understanding disease risk is challenging in multifactorial conditions as it can differ by environment, ethnicity and race.
The Confederated Tribes of the Goshute Reservation are one of the most isolated populations in the United States. Retinal
changes are a reliable indicator for systemic disease. We conducted a cross-sectional study to identify correlations between
genetic data and epidemiological risk factors for blinding retinal disease in this tribe. As part of the “Supporting Prediction and
Prevention Blindness Project (SPBPP)” in the Native American Population of the Intermountain West, we found that hypertensive retinopathy was the most prevalent retinal disease. We found that forty-two percent of the Goshute population was affected.
Blood samples, fundus photos and intraocular pressure were obtained for all participants. In addition, a standardized questionnaire was administered. DNA and total cholesterol, HDL, LDL, VLDL, triglycerides and HbA1c were also evaluated. Our study
interrogated genetic variants from the PAGE study (ARMS2 rs10490924, CFH rs800292, rs1061170) and additional studies
that looked at previously associated genetic variants with retinal disease associated with cardiovascular disease. We conducted
univariate and multivariate logistic regression in Stata v15.0. We found an association between hypertriglyceridemia and HTR
(adjp = .05) within the Goshute population. To the best of our knowledge, this is the ﬁrst study to demonstrate the prevalence
of hypertensive retinopathy in a Native American population. Moreover, our study is the ﬁrst to demonstrate an independently
predictive relationship between hypertriglyceridemia and hypertensive retinopathy in an American Indian population. This study
furthers our knowledge about prevalent blinding eye disease within the most geographically isolated federally recognized native
United States American tribe, for which nothing has been published with respect to any disease. Although, this study furthers our
understanding about the prevalence of genetic epidemiological risk factors within this population, it has greater implications for
the screening of blinding diseases in underserved populations in general. This study can inform public health on planning and
delivering of quality, accessible and relevant care to this population.
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Introduction
Underserved

and

isolated

populations
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have

unique

paradigms of disease risk and prevention. These populations have
challenges to healthcare delivery and may offer a way to better
understand disease etiology and risk in a more homogenous
context [1-3]. Certainly, less heterogeneity will increase the
likelihood for identiﬁcation of common mediators. The United
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States Department of Health and Human Services states that there
are currently 573 federally recognized tribes in the United States
[4]. American Indian reservations in the United States are often
geographically isolated and underserved environments; therefore,
they face inherent barriers in access to adequate health care and
preventive services [4]. Importantly, this includes annual routine
eye exams, which could reveal the presence of systemic diseases
such as diabetes and hypertension.
There is a lack of information on the unique genetic
epidemiological characteristics that inﬂuence Hypertensive
Retinopathy (HTR) risk within federally recognized tribes that
are geographically isolated with respect to prevalence. Available
information points to diabetes and cardiovascular disease as the
predominant health burden within the federally recognized tribes
of the United States. There is signiﬁcant morbidity and mortality
due to these conditions in this largely underserved population as
compared to other ethnic populations including Caucasians of
Northern European descent [4-7]. Further, there is signiﬁcantly
less information available on the blinding diseases that cosegregate with cardiovascular disease (hypertensive retinopathy)
in general [8]. Moreover, it is established that in addition to not
having access to adequate health care, an isolated community may
have poor resources to maintain a healthy diet to prevent diseases
such as hypertension and hypertriglyceridemia which increases
risk for morbidity and mortality. Due to this, those who live on an
American Indian reservation may experience food insecurity. Food
insecurity increases the risk for obesity, diabetes and hypertension
among American Indian populations [9].
It is well established that in both the working and aging
population the majority of blinding diseases which affect the
retina or the back of the eye such as hypertensive retinopathy and,
diabetic retinopathy, have both strong environmental and genetic
components [10-16]. These diseases can manifest in the retina and
be diagnosed with a color fundus photo (picture of the retina),
before they manifest systemically [8,17-22]. In fact, in many
instances diabetes and/or hypertension may go undiagnosed in an
individual until they have a retinal exam [23-25]. Furthermore,
numerous studies indicate that the severity and characteristics
of retinal disease in conditions such as hypertensive and diabetic
retinopathy have direct correlation with systemic risk for stroke and
heart disease in both American Indian and Caucasian populations
[21,26-29].
In general, research with respect to determining the prevalence
of eye disease amongst the American Indians of the United States
through studies including the Strong Heart Study (SHS) [30,31],
the Population Architecture Using Genomics and Epidemiology
(PAGE) study [32] and the Family Investigation of Nephropathy
and Diabetes (FIND-eye) study [33]. Although this work has
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provided important information with respect to prevalence of
visual impairment within American Indians of the United States in
general, critically this research lacks designation of the individual
tribes that each individual participant may belong to. However,
with respect to diabetic retinopathy, prevalence has been reported
for individual tribes, within American Indian populations. Tribes
such as the Sioux, Hopi and Navajo American Indians have had
prevalence of DR at 45.3%, 41.0% and 29.0% respectively [34,35].
While other studies on American Indians in general, reported
ﬁndings of what type of retinopathy was present suggesting that
HTR was not found or was found but not as prevalent as DR [3639]. Research that treats ethnically, socially and geographically
diverse populations as a homogenous group is limited from both
theoretical and practical perspectives. Theoretically, it is important
to understand the genetic and epidemiological variation between
groups as diverse as American Indian tribes, as variation between
tribes may elucidate clues in the causes and manifestations of
disease. Practically, such research needs to inform service delivery
for these populations, as understanding the variation at the tribal
level will allow policy makers and those planning and delivering
relevant health services to tailor those services to achieve maximum
access, relevance and utilization by the members of the individual
tribes. New initiatives developed at the broad “American Indian”
level may fall short if not designed and tailored to meet the needs
of a particular tribe [40,41].
The Confederated Tribes of the Goshute Reservation spans
both the states of Utah and Nevada located in the Intermountain
Mountain West of the United States. The Goshute tribe is one of 24
tribes in these states [42]. Of all the federally recognized American
Indian tribes, they are considered the most geographically isolated
in the United States [43].
The purpose of the study, Supporting Prediction and
Prevention Blindness Project (SPBPP), was to identify correlations
between genetic data, epidemiological risk factors, and eye
diagnoses in an effort to identify disease causality. This could pave
the way for potential interventions and treatments in this special
population. Moreover, studying the epigenetics in this unique
population may have broader implications for understanding
complex diseases in other populations. We sought to identify
correlations between genetic data, epidemiological factors, serum
measurements, and blinding eye disease in the Goshute tribe. Due
to this tribe’s geographic isolation, this approach holds the potential
to examine a wide range of questions including how genes and the
environment impact one’s overall health and social and cultural
factors impact well-being and healthy aging. In addition, isolated
populations may have very little differences in lifestyle factors, so
any identiﬁed genes may likely be truly associated with the disease
[44]. Our analysis speciﬁcally examined known determinants
of morbidity and mortality and how these factors relate to the
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development of potentially blinding pathology in this population.
Our study interrogated genetic variants from the PAGE study
(ARMS2 rs10490924, CFH rs800292, rs1061170) and additional
studies that looked at variants previously associated with retinal
phenotypes with overlapping pathophysiology to cardiovascular
disease and diabetes [19, 45-49]. This was complemented by a
detailed standardized questionnaire that assessed life style and
clinical factors on risk of morbidly and mortality. This work has
implications for understanding disease risk, preventing co-morbid
disease states such as myocardial infarction, and screening for
hypertensive disease, both retinal and systemic. Studying the
epidemiology and genetics in this population may also have
broader implications for understanding complex diseases in other
populations. Further, this research is the ﬁrst study of its kind to
provide foundational health status genetic epidemiology in this
federally recognized tribe in the United States.

Materials and Methods
Study cohort
The study protocol was reviewed and approved by the
Institutional Review Board at the University of Utah and conformed
to the tenants of the Declaration of Helsinki. Participants were
enrolled in this study after giving informed consent. The study
team visited the Confederated Tribes of the Goshute Reservation
and explained the study and its beneﬁts, to Tribal Elders and
the broader Goshute. The Goshute Tribe subsequently passed a
resolution supporting the study approved by the Business Council
under Article VII, Section 1(e) and (f) of the Constitution of the
Confederated Tribes of the Goshute Reservation. Study participants
were recruited from the Confederated Tribes of the Goshute
Reservation and surrounding area. Peripheral blood samples, blood
pressure, intraocular pressure, and fundus photos were obtained for
each patient. In addition, each participant completed a standardized
validated questionnaire [20,50-52]. From the blood samples, DNA
was extracted from the peripheral blood leukocytes and candidate
Single Nucleotide Polymorphisms (SNPs) were genotyped. These
genetic factors tested included SNPs from genes previously
associated with AMD in the PAGE study (ARMS2 rs10490924,
CFH rs800292, rs1061170), in addition to other studies observing
retinal neovascular phenotypes (ARMS2 rs10664316, HTRA1
[rs11200638, rs2672598, rs1049331, and rs2293870], CFH
[rs16840422, rs12144939, rs2284664, and rs12066959], ROBO1
[rs1387665, rs4513416, rs9309833, and rs7622444], and RORA
[rs12900948, rs8034864, rs730754]) and serum biomarkers for
angiogenesis (ROBO1 and RORA) [6,10,46]. Peripheral blood
samples were sent to LabCorp (Laboratory Corporation of America
Holdings, Burlington, NC) to obtain lipid panel (Triglycerides,
HDL, VLDL, LDL) and Hemoglobin A1c (HbA1c, an objective
measure of sugar levels) results.
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Phenotypic analysis
Non-mydriadic fundus images were obtained from both eyes
of all study participants. At least three independent ophthalmologic
and retinal specialists reviewed each photograph to evaluate for the
presence of retinal disease. The presence, absence and severity of
blinding eye disease was evaluated by at least three ophthalmologists
with retinal surgery training using standard methods including the
Keith, Wagener, and Barker classiﬁcation [53,54]. Inconsistent
diagnosis was resolved through direct and/or phone conversation
between at least two evaluating physicians. Therefore, each study
participant received a clinical-level evaluation for presence or
absence of blinding eye disease, including hypertensive retinal
disease.

Genotyping
Genetic factors tested for association with observed
phenotypes included SNPs from genes previously associated with
retinal diseases like AMD (ARMS2/HTRA1, CFH, ROBO1, and
RORA) and serum biomarkers for angiogenesis (ROBO1 and
RORA). Genotyped SNPs included ARMS2 rs10490924 and
rs10664316; HTRA1 rs11200638, rs2672598, rs1049331, and
rs2293870; CFH rs800292, rs16840422, rs1061170, rs12144939,
rs2284664, and rs12066959; ROBO1 rs1387665, rs4513416,
rs9309833, and rs7622444; and RORA rs12900948, rs8034864,
rs730754. Genotyping was performed on leukocyte DNA that
was puriﬁed using Qiagen extraction kits. All CFH, ROBO1,
ARMS2, HTRA1 (rs11200638 and rs2672598), and RORA SNPs
were genotyped using a combination of pre-designed and Custom
Taqman SNP Genotyping Assays (Applied Biosystems). Each
assay was run in a 15ul reaction containing 2x Taqman GTXpress
master mix, 40x or 80x probe, and 10 ng of DNA. Thermal cycling
was performed according to the manufacturer’s protocol. The ABI
7500 Real-Time PCR System, with the accompanying software,
was used to analyze the genotypes. Direct sequencing was used
to genotype HTRA1 SNPs (rs1049331 and rs2293870) using
previously reported oligonucleotide primers. Polymerase chain
reaction (PCR) was used to amplify genomic DNA fragments in
25 ul reactions containing the following: 20 ng of genomic DNA, 1
U of Taq DNA Polymerase (Invitrogen), 10x PCR buffer, 1.6 mM
MgCl2, and 0.16 mM of each dNTP (Invitrogen), 0.4 uM of each
primer, 0.8M Betaine, and 5% DMSO. The temperatures used
during the PCR were as follows: 94°C for 5 minutes, followed by
35 cycles of 94°C for 30 seconds, 64°C for 30 seconds, and 72°C
for 30 seconds, with a ﬁnal annealing temperature of 72°C for 5
minutes. For sequencing reactions, PCR products were digested
according to the manufacturer’s protocol using ExoSAP-IT (USB).
DNA sequencing was performed at the (omitted) DNA Sequencing
Core Laboratory. Electropherograms were read independently by
two evaluators without knowledge of the subject’s disease status.
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Serum biomarkers (ROBO1 and RORA) were tested using ELISA
kits from MyBioSource.com (catalog numbers MBS910208
and MBS921385) following the manufacturer’s protocol. Allele
frequency in each population was calculated for normal subjects,
or those without a diagnosis of HTR.

Statistical analysis
We performed both a univariate (unadjusted) and
multivariate (adjusted) analysis within three populations. One
population included all the participants (Ranchers and American
Indian participants), the second analysis was only considering the
American Indian population, and the last analysis was within only
the population of participants with a diagnosis of hypertensive
retinopathy. In this we were able to determine both the unique risk
when considering American Indian’s with hypertensive retinopathy
as well as the risk factors that the total population may be exposed
to due to their environment. Our outcome variable for the ﬁrst
and second analysis was hypertensive retinopathy. Individuals
without the condition were the controls and individuals with
the condition were the cases. In the ﬁnal analysis the American
Indian population was the cases and the Rancher population was
the controls. Genotyped SNPs were tested for deviation from
Hardy-Weinberg Equilibrium (HWE) using the Chi-square test
in unaffected subjects (those without retinal disease) only. SNPs
were tested for association using the minor allele, as deﬁned by
the allele occurring less frequently in the unaffected subjects,
assuming an additive genetic model. Epidemiological deﬁnitions
were as follows: Smokers were deﬁned as those who had smoked
greater than 100 cigarettes during their lifetime; BMI ≥ 25 kg/
m2 was considered overweight; BMI ≥ 30 kg/m2 was considered
obese; HbA1c 5.7-6.4 mmol/L was considered elevated; HbA1c
> 6.4 mmol/L was considered diabetic; total cholesterol 200-239
mg/dL was considered moderately elevated; total cholesterol
240 mg/dL and higher was considered high; LDL 130-159 mg/
dL was considered moderately elevated; LDL 160-189 mg/dL
was considered high; LDL 190 mg/dL and higher was considered
very high; healthy HDL levels were considered above 40 mg/dL
for men and above 50 mg/dL for women; and VLDL > 40 mg/
dL was considered high. For Triglycerides, borderline high was
considered 150-199 mg/dL, high was considered 200-499 mg/
dL, and very high was 500 mg/dL or above. All risk factors were
tested for association with observed phenotypes using logistic
regression in Stata v15.0 [55]. To determine the most predictive
model for observed for phenotypes, a multivariate analysis was
conducted for all participants using all measured risk factors
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showing association at P<.05. Speciﬁcally, a univariate analysis
was conducted and only risk factors with an association at P<.05
were included in the multivariate model. This same analysis was
conducted between the Rancher population with hypertensive
retinopathy and the American Indian population with the condition.
The analysis with only the American Indian population was similar,
but the multivariate model was determined by risk factors showing
associations to hypertensive retinopathy at P<.10 and were only
found statistically signiﬁcant in the multivariate model at P<.05 in
the presence of other risk factors. Furthermore, allele frequencies
were calculated for normal subjects, those without a diagnosis of
HTR in both of the populations.

Results
We recruited 64 individuals for participation in this study:
14 Northern European descent-ranchers from Ibapah and 50
individuals of American Indian descent. Of the 14 Ranchers
recruited, the average age was 53.14 (range 21.37 to 94.21
years) and 7 (50%) were males. The average BMI in the Rancher
population was 37.38. Within this group 29% were smokers, 29%
were considered obese, 7% met criteria for diabetes, 21% for High
Blood Pressure (HBP), 36% for high cholesterol and 20% worked
outside. Additionally, 5 individuals (36% total) had elevated
HbA1c (≥ 5.7 mmol/L) not meeting the deﬁnition of diabetes. The
average RORA protein level was 49.352, with the average ROBO1
level being 25.415 in the Ranchers. Hypertensive retinopathy was
present in 8 (57%) of the Rancher population (Table 1). Of the
50 American Indians recruited, the average age was 44.3 (range
22.77-78.68) and there were 31 (62%) males. The average BMI in
the American Indian population was 29.48. Within this group, 64%
were smokers, 72% were considered obese, 38% were considered
diabetic, 32% were considered to have High Blood Pressure
(HBP), 28% were considered to have high cholesterol and 43%
worked in an outside environment. Additionally, 37 individuals
(74%) had an HbA1c elevated above normal though not meeting
the deﬁnition of diabetes (≥ 5.7 mmol/L). In comparison to other
American Indian tribes, the prevalence of diabetes was lower in
the Goshute population. Both the Navajo and the Sioux American
Indians have prevalence of diabetes that are higher at 40% and 76%
respectively. Though the Goshutes do have higher rates of diabetes
compared to that of the U.S. population and Caucasians who both
have a prevalence of 21% [56]. The average RORA protein level
was 44.117, with the average ROBO1 protein level being 3.367 in
this population. Mild hypertensive retinopathy was present in 21
(42%) of American Indians (Table 1).
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Risk Factor

American Indian Population (n=50)

Rancher Population (n=14)

Average age in years (range)

44.3 (22.77 - 78.68)

53.14(40.96 - 94.21)

Males (% total)

31 (62%)

7 (50%)

Smokers (% total)

32 (64%)

4 (29%)

Obese (% total)

36 (72%)

4 (29%)

Diabetes (% total)

19 (38%)

1 (7%)

Elevated HbA1c (% total)

37 (74%)

0 (0%)

High Blood Pressure (% total)

16 (32%)

3 (21%)

High Cholesterol (% total)

14 (28%)

5(36%)

Hypertensive Retinopathy

21 (42%)

8 (57%)

Outside Working Conditions

10 (20%)

6 (43%)

BMI

37.38 (23.1- 65.5)

29.48 (20.9 - 41.5)

Average RORA Protein level (range)

44.117 (3.373 - 191.872)

49.352 (14.660 - 122.036)

Average ROBO Protein level (range)

3.367 (1.235 - 6.393)

25.608 (13.238 - 48.937)

Table 1: Characteristics of the total population and American Indian.
Observing the individuals who were homozygous for the risk alleles within the SNPs associated with mild HTR, the American
Indian population had higher frequencies of ARMS2 rs10490924 (G allele) in those with mild hypertensive retinopathy (67%) and those
without (39%) compared to the Rancher population. In addition, they also had a higher frequency of the ARMS2 rs10664316 (delAT)
risk allele when observing those who were homozygous for the risk allele in both the population with hypertensive retinopathy (48%)
and those without (22%). The Rancher had higher frequencies of CFH rs2284664 (C allele) and CFH rs800292 (G allele) in both the
population with mild hypertensive retinopathy (75%) and those without (33%) compared to the American Indian population. This was
also true for CFHR2 rs12066959 (G allele) in Ranchers with mild hypertensive retinopathy (75%) and those without (50%), as well as
HTRA rs2672598 (C allele) in Ranchers with mild hypertensive retinopathy (50%) and those without (67%). Moreover, there was a
higher frequency of Ranchers who were homozygous for the RORA rs8034864 (C allele) risk allele compared to the American Indian
population, in both the Ranchers with mild hypertensive retinopathy (50%) and without hypertensive retinopathy (33%). The Ranchers
with a diagnosis of mild hypertensive retinopathy had a higher frequency of the CFH rs1061170 risk allele when observing individuals
who were homozygous for the risk allele (50%) compared to the Ranchers without the disease and the American Indian population which
had no individuals who were homozygous for the risk allele (Table 2).
SNP

Alleles

Effect

AI Normal (n =23)

AI HTR (n=21)

R Normal (n=6)

R HTR (n=8)

ARMS2 rs10490924

G/T

T is Risk

9 (39%)

14 (67%)

2 (33%)

4 (50%)

ARMS2 rs10664316

delAT

- is Protective

5 (22%)

10 (48%)

0 (0%)

1 (13%)

CFH rs1061170

T/C

C is Risk

0 (0%)

0 (0%)

0 (0%)

4 (50%)

CFH rs12144939

G/T

T is Protective

0 (0%)

0 (0%)

0 (0%)

0 (0%)

CFH rs16840422

C/T

T is Protective

0 (0%)

0 (0%)

0 (0%)

0 (0%)

CFH rs2284664

C/T

T is Protective

2 (9%)

1 (5%)

2 (33%)

6 (75%)

CFH rs800292

G/A

A is Protective

2 (9%)

1 (5%)

2 (33%)

6 (75%)

CFHR2 rs12066959

C/T

C is Risk

1 (4%)

1 (5%)

3 (50%)

6 (75%)
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HTRA rs11200638

G/A

A is Risk

0 (0%)

1 (5%)

1 (17%)

0 (0%)

HTRA rs1049331

C/T

T is Risk

0 (0%)

1 (5%)

1 (17%)

0 (0%)

HTRA rs2293870

G/T/C

T/C is Risk

1 (4%)

1 (5%)

3 (50%)

1 (13%)

HTRA rs2672598

T/C

C is Risk

3 (13%)

2 (10%)

4 (67%)

4 (50%)

ROBO1 rs1387665

C/T

T is Risk

0 (0%)

1 (5%)

1 (17%)

2 (25%)

ROBO1 rs4513416

G/A

A is Protective

1 (4%)

0 (0%)

2 (33%)

2 (25%)

ROBO1 rs7622444

C/T

C is Risk

0 (0%)

0 (0%)

0 (0%)

0 (0%)

ROBO1 rs9809833

T/C

C is Risk

3 (13%)

1 (5%)

0 (0%)

1 (13%)

RORA rs12900948

A/G

G is Protective

1 (4%)

1 (5%)

0 (0%)

1 (13%)

RORA rs730754

A/G

G is Protective

1 (4%)

1 (5%)

1 (17%)

3 (38%)

RORA rs8034864

C/A

A is Risk

3 (13%)

2 (10%)

2 (33%)

4 (50%)

Table 2: Homozygous Risk Allele Frequencies in the American Indian (AI) and Rancher (R) population with and without Hypertensive
Retinopathy.
Multivariate (adjusted) analyses were conducted for both the
total population and the American Indian population to determine
which risk factors might be independently associated (unadjusted)
with hypertensive retinopathy. Our multivariate analysis for the
total population included age and high blood pressure; these risk
factors from the univariate analyses (Table 3) met our signiﬁcance
criteria for entry into the multivariate model (i.e. signiﬁcance at
p<.05). We found that age, which was a statistically signiﬁcant risk
factor of hypertensive retinopathy in the univariate analysis was
not associated with hypertensive retinopathy in the multivariate
model (OR, 1.034; 95% CI, .988-1.083; p = .145). Only high blood
pressure was found to be moderately associated with hypertensive
retinopathy in the multivariate compared to participants that
did not have a diagnosis of mild hypertensive retinopathy (OR,
3.667; 95% CI; .951-14.141; p=.059). A multivariate analysis
was conducted for the American Indian population using the risk
factors LDL and Poor Triglycerides which were identiﬁed to be
statistically signiﬁcant risk factors for hypertensive retinopathy in
our univariate analyses at p<.10 (Table 4). LDL, which was found
to be signiﬁcant in the univariate analysis was no longer associated
with mild hypertensive retinopathy in the multivariate model (OR,
1.025; 95% CI; .994-1.05; p=.114). Poor Triglycerides remained
associated with mild hypertensive retinopathy after adjusting for
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other risk factors in the multivariate analysis (OR, 4.228; 95% CI
.998-17.912; p=.050). A multivariate analysis was conducted for
all participants diagnosed with mild hypertensive retinopathy that
included the American Indian and Rancher populations. The risk
factors that were included in this analysis included the SNPs CFH
rs1061170 (C allele), ROBO1 rs4513416 (G allele), in addition to
the risk factor alcohol consumption. These risk factors were found
to be statistically associated with mild hypertensive retinopathy in
the univariate analyses at p<.05 as seen in Table 5 (p =.009, p =.019
and p=.026, respectfully). Alcohol consumption, which was found
to have an association with mild hypertensive retinopathy during
the univariate analysis, was no longer statistically associated to
mild hypertensive retinopathy in the multivariate analysis at p<.05
(OR, 14.947; 95% CI, =.578-386.389; p=.103, Table 6) Similarly,
SNP ROBO1 rs4513416 (G allele) was no longer a statistically
signiﬁcant protective factor against HTR (OR,.104; 95% CI,.0052.332; p=.154,Table 6) in the American Indian population, after
controlling for other factors (i.e., signiﬁcant at p<.05). The SNP
CFH rs1061170 (C allele) remained a protective factor against
hypertensive retinopathy in the American Indian population
compared to the Rancher population after accounting for other
factors (OR, .039; 95% CI, .002-.841; p=.038, Table 6), in the
multivariate analysis (i.e. signiﬁcance p<.05).
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Risk Factor

Risk

Odds Ratio

95% CI

p-value

Age (Years)

Continuous

1.050

(1.006 - 1.096)

.025

ARMS2 rs10490924

T Allele

1.227

(.073 - 20.763)

.887

ARMS2 rs10664316

AT

2.333

(.592 - 9.202)

.226

BMI

Continuous

1.038

(.977 - 1.102)

.227

Overweight

25<=BMI<30

2.273

(.379 - 13.632)

.369

Obese

BMI >= 30

1.484

(.473 - 4.656)

.498

CFH rs1061170

C Allele

1.267

(.370 - 4.337)

.707

CFH rs12144939

C Allele

.480

(.102 - 2.256)

.353

CFH rs16840422

C Allele

.590

(.090 - 3.846)

.581

CFH rs2284664

C Allele

1.548

(.510 - 4.702)

.441

CFH rs800292

G Allele

1.662

(.552 - 4.999)

.366

CFHR2 rs12066959

G Allele

.955

(.322 - 2.834)

.933

Cholesterol

Continuous

1.010

(.993 - 1.027)

.250

DM

Dichotomous

2.667

(.775 - 9.172)

.120

DM I

Dichotomous

2.154

(.184 - 25.187)

.541

DM II

Dichotomous

2.500

(.657 - 9.514)

.179

# of DM Rx

Continuous

1.423

(.756 - 2.679)

.274

Yrs. With DM

Continuous

1.078

(.950 - 1.226)

.247

HBA1C

Continuous

1.235

(.865 - 1.765)

.245

HBP

Dichotomous

4.800

(1.305 - 17.658)

.018

Yrs. With HBP

Continuous

1.043

(.943 - 1.153)

.412

5+ years with HBP

Dichotomous

2.947

(.671 - 12.952)

.152

HDL

Continuous

.988

(.952 - 1.025)

.505

HTRA rs11200638

A Allele

.556

(.183 - 1.691)

.300

HTRA1 rs1049331

T Allele

.476

(.160 - 1.419)

.183

HTRA1 rs2293870

C or T Allele

.475

(.1600 - 1.406)

.179

HTRA1 rs2672598

C Allele

.681

(.230 - 2.013)

.487

ROBO1 rs1387665

T Allele

.593

(.182 - 1.934)

.368

ROBO1 rs4513416

G Allele

.711

(.230 - 2.192)

.552

ROBO1 rs7622444

C Allele

2.391

(.419 - 13.636)

.326

ROBO1 rs9809833

C Allele

1.600

(.446 - 5.742)

.471

ROBO1 Elisa

Continuous

1.038

(.978 - 1.102)

.224

RORA rs12900948

A Allele

1.231

(.417 - 3.640)

.707

RORA rs730754

A Allele

1.662

(.552 - 4.999)

.366

RORA rs8034864

A Allele

.727

(.234 - 2.256)

.581

RORA Elisa

Continuous

.990

(.975 - 1.005)

.173

Female Sex

Dichotomous

1.773

(.616 - 5.102)

.288

Smoking

Dichotomous

1.149

(.409 - 3.226)

.792
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Poor Trigs

Dichotomous

3.000

(.950 - 9.475)

.061

VLDL

Continuous

1.027

(.986 - 1.070)

.201

Alcohol Consumption

Dichotomous

.588

(.190 - 1.825)

.358

Employment

Dichotomous

.300

(.070 - 1.281)

.104

Marital Status

Dichotomous

.659

(.233 - 1.859)

.431

Private Insurance

Dichotomous

1.000

(.319 - 3.135)

1.000

Education

Categorical

.868

(.475 - 1.588)

.647

LDL

Continuous

1.024

(.999 - 1.051)

.065

Vit. D exposure

Dichotomous

1.930

(.591 - 6.304)

.276

Table 3: Hypertensive retinopathy association results in the total population.
Risk Factor

Risk

Odds Ratio

95% CI

p-value

Age (Years)

Continuous

1.026

(.984 - 1.070)

.225

ARMS2 rs10490924

T Allele

1.000

-

-

ARMS2 rs10664316

AT

1.810

(.297 - 11.027)

.520

BMI

Continuous

1.035

(.972 - 1.101)

.287

Overweight

25<=BMI<30

1.000

-

-

Obese

BMI >= 30

1.263

(.302 - 5.275)

.749

CFH rs1061170

C Allele

1.222

(.2195 - 6.807)

.819

CFH rs12144939

C Allele

.367

(.035 - 3.817)

.401

CFH rs16840422

C Allele

1.000

-

-

CFH rs2284664

C Allele

1.231

(.383 - 3.955)

.727

CFH rs800292

G Allele

1.100

(.341 - 3.551)

.873

CFHR2 rs12066959

G Allele

.664

(.179 - 2.460)

.540

Cholesterol

Continuous

1.012

(.995 - 1.030)

.181

DM

Dichotomous

1.583

(.490 - 5.117)

.443

DM I

Dichotomous

.877

(.133 - 5.783)

.892

DM II

Dichotomous

1.833

(.510 - 6.593)

.353

# of DM Rx

Continuous

.908

(.529 - 1.559)

.727

Yrs. With DM

Continuous

1.024

(.914 - 1.147)

.682

HBA1C

Continuous

1.101

(.805 - 1.505)

.547

HBP

Dichotomous

2.625

(.750 - 9.19)

.131

Yrs. With HBP

Continuous

1.030

(.936 - 1.133)

.550

5+ years with HBP

Dichotomous

3.00

(.655 - 13.747)

.157

HDL

Continuous

.989

(.952 - 1.028)

.574

HTRA rs11200638

A Allele

.500

(.149 - 1.676)

.216

HTRA1 rs1049331

T Allele

.429

(.130 - 1.410)

.163

HTRA1 rs2293870

C or T Allele

.429

(.130 - 1.410)

.163

HTRA1 rs2672598

C Allele

.410

(.125 - 1.348)

.142

ROBO1 rs1387665

T Allele

.941

(.217 - 4.074)

.935
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ROBO1 rs4513416

G Allele

.418

(.107 - 1.632)

.210

ROBO1 rs7622444

C Allele

1.158

(.149 - 9.029)

.889

ROBO1 rs9809833

C Allele

.990

(.254 - 3.857)

.998

ROBO1 Elisa

Continuous

1.043

(.613 - 1.773)

.878

RORA rs12900948

A Allele

.931

(.288 - 3.011)

.905

RORA rs730754

A Allele

.931

(.288 - 3.011)

.905

RORA rs8034864

A Allele

.786

(.241 - 2.556)

.689

RORA Elisa

Continuous

.982

(.959 - 1.007)

.157

Female Sex

Dichotomous

1.583

(.490 - 5.117)

.443

Smoking

Dichotomous

.903

(.280 - 2.914)

.864

Poor Trigs

Dichotomous

3.84

(1.037 - 14.213)

.044

VLDL

Continuous

1.027

(.984 - 1.072)

.216

Alcohol Consumption

Dichotomous

.583

(.148 - 2.294)

.440

Employment

Dichotomous

.638

(.125 - 3.256)

.588

Marital Status

Dichotomous

.992

(.303 - 3.242)

.989

Private Insurance

Dichotomous

1.371

(.343 - 5.488)

.655

Education

Categorical

1.048

(.505 - 2.176)

.899

LDL

Continuous

1.026

(.999 - 1.054)

.058

Vitamin D exposure

Dichotomous

1.063

(.258 - 4.374)

.933

Table 4: Hypertensive retinopathy association in American Indian population.
Risk Factor

Risk

Odds Ratio

95% CI

p-value

Age (Years)

Continuous

.894

(.792 - 1.009)

.069

ARMS2 rs10490924

T Allele

1.000

-

-

ARMS2 rs10664316

AT

3.800

(.424 - 34.077)

.233

BMI

Continuous

1.107

(.965 - 1.269)

.146

Overweight

25<=BMI<30

1.000

-

-

Obese

BMI >= 30

5.333

(.834 - 34.092)

.077

CFH rs1061170

C Allele

.067

(.009 - .515)

.009

CFH rs12144939

C Allele

.125

(.009 - 1.671)

.116

CFH rs16840422

C Allele

1.000

-

-

CFH rs2284664

C Allele

1.000

-

-

CFH rs800292

G Allele

1.000

-

-

CFHR2 rs12066959

G Allele

1.000

-

-

Cholesterol

Continuous

1.010

(.983 - 1.038)

.486

DM

Dichotomous

4.500

(.457 - 44.287)

.197

DM I

Dichotomous

1.000

-

-

DM II

Dichotomous

3.000

(.300 - 30.019)

.350

# of DM Rx

Continuous

1.187

(.447 - 3.152)

.730

Yrs. With DM

Continuous

1.270

(.875 - 1.843)

.209
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HBA1C

Continuous

1.187

(.633 - 2.225)

.593

HBP

Dichotomous

.75

(.122 - 4.623)

.757

Yrs. With HBP

Continuous

1.072

(.851 - 1.352)

.554

5+ Years with HBP

Dichotomous

1.000

-

-

HDL

Continuous

.986

(.927 - 1.05)

.646

HTRA rs11200638

A Allele

.667

(.116 - 3.838)

.650

HTRA1 rs1049331

T Allele

.667

(.116 – 3.838)

.650

HTRA1 rs2293870

C or T Allele

.375

(.065 - 2.159)

.272

HTRA1 rs2672598

C Allele

.246

(.038 - 1.583)

.140

ROBO1 rs1387665

T Allele

.314

(.049 - 1.998)

.220

ROBO1 rs4513416

G Allele

.094

(.013 - .674)

.019

ROBO1 rs7622444

C Allele

.140

(.017 - 1.134)

.065

ROBO1 rs9809833

C Allele

.417

(.069 - 2.527)

.341

ROBO1 Elisa

Continuous

5.322

-

-

RORA rs12900948

A Allele

.440

(.069 - 2.798)

.384

RORA rs730754

A Allele

1.000

-

-

RORA rs8034864

A Allele

.183

(.019 - 1.799)

.145

RORA Elisa

Continuous

.963

(.926 - 1.002)

.060

Female Sex

Dichotomous

.450

(.085 - 2.395)

.349

Smoking

Dichotomous

2.708

(.504 - 14.541)

.245

Poor Trigs

Dichotomous

1.280

(.187 - 8.756)

.801

VLDL

Continuous

1.013

(.942 - 1.091)

.721

Alcohol Consumption

Dichotomous

14.000

(1.371 - 142.887)

.026

Employment

Dichotomous

.832

(.283 - 2.449)

.739

Marital Status

Dichotomous

.909

(.178 - 4.636)

.909

Private Insurance

Dichotomous

.806

(.336 - 1.934)

.630

Education

Categorical

.832

(.283 - 2.449)

.739

LDL

Continuous

1.011

(.980 - 1.044)

.486

Vit. D exposure

Dichotomous

.240

(.043 - 1.335)

.103

Table 5: Hypertensive retinopathy association in American Indian population with the condition.
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Total Population
Odds ratio (95% CI)
1.034 (.988-1.083)
3.667 (.951-14.141)
American Indian Population
Odds ratio (95% CI)
1.025 (.994-1.056)
4.228 (.998-17.912)
HTR Population
Odds ratio (95% CI)
14.947 (.578-386.389)
.039 (.002 - .841)
.104 (.005-2.332)

Risk factor
Age
High blood pressure
Risk factor
LDL
Poor Trigs
Risk factor
Alcohol Consumption
CFH rs1061170
ROBO1 rs4513416

p-value
.145
.059
p-value
.114
.050
p-value
.103
.038
.154

Table 6: Multivariate analysis of the Total population and the HTR population.
When the risk allele frequencies were assessed for 19 SNP’s previously found to be related to retinal disease to determine if there
was statistical difference between the risk allele frequencies between the American Indians and the Ranchers of Northern European
decent, the risk allele T for the SNP CFH rs12144939 was found to be moderately statistically signiﬁcant (OR .118; 95% CI, .013-1.03;
p=.053) between the populations, with the American Indian’s having a lower frequency (T ~ 15% vs. 60%). There were no other SNP
allele frequencies that were statistically different between the two populations (Table 7).
SNP

Retinal Disease Effect

Alleles

American Indian

Rancher

Odds Ratio (95% CI)

p-value

ARMS2 rs10490924
ARMS2 rs10664316
CFH rs1061170
CFH rs12144939
CFH rs16840422

T is Risk
- is Protective
C is Risk
T is Protective
T is Protective

G/T
-AT
T/C
G/T
C/T

1.00
.800
.200
.150
.095

1.000
.800
.400
.600
.400

1.000 (.086-11.588)
.375 (.046 – 3.056)
.118 (.013-1.03)
.158 (.016-1.586)

1.000
.360
.053
.117

CFH rs2284664

T is Protective

C/T

.524

1.000

-

-

CFH rs800292

A is Protective

G/A

.524

.600

.733 (.101-5.330)

.759

CFHR2 rs12066959

G is Risk

A/G

.350

1.000

-

-

HTRA rs11200638

A is Risk

G/A

.400

.474

1.350 (.182-10.006)

.769

HTRA1 rs1049331

T is Risk

C/T

.524

.400

1.650 (.227-11.993)

.621

HTRA1 rs2293870

T/C is Risk

G/T/C

.524

.600

.733 (.101-5.330)

.759

HTRA1 rs2672598

C is Risk

T/C

.600

.600

1.000(.135-7.392)

1.000

ROBO1 rs1387665

T is Risk

C/T

.400

.300

.643 (.085-4.889)

.669

ROBO1 rs4513416

A is Protective

G/A

.450

.400

1.227 (.167-9.017)

.840

ROBO1 rs7622444

C is Risk

T/C

.158

.000

-

-

ROBO1 rs9809833

C is Risk

T/C

.200

.200

1.000 (.086-11.588)

1.000

RORA rs12900948

G is Protective

A/G

.600

.400

2.250 (.304-16.632)

.427

RORA rs730754

G is Protective

A/G

.600

.400

2.250 (.304-16.632)

.427

RORA rs8034864

A is Risk

C/A

.600

.800

.375(.035-3.999)

.417

Table 7: Allele Frequencies of American Indians and Ranchers in Normal Subjects.
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The allele frequencies for the SNPs examined within the American Indians without mild hypertensive retinopathy, compared to
those within four previously studied diverse populations including, a family based cohort from New England (NESC), a case-control
cohort from Central Greece, a case-control study from Seoul National University Bundang Hospital and a cohort from Timor-Leste can
be found in Table 8 [57].
Characteristic
n
Males (% total)
Age (range)

Timor
533
268 (50.1%)
55.12 (40-94)

NESC
198
87 (43.9%)
75.78 (48-95)

Ranchers
6
4 (66.7%)
44.18(21-61)

Greek
213
100 (46.9%)
73.78 (48-95)

Korean
384
194 (50.5%)
68.46 (50-87)

American Indian
23
19 (65.5%)
41.75 (22-78)

Table 8: Characteristics of normal subjects within different populations.
The American Indian population was similar to the Timor and Korean population in which both populations had lower frequencies
of the protective T allele, compared to the NESC and the Greek population for SNP CFH rs12144939. The American Indian’s had a
frequency most similar to the Timor, with a frequency of 15% in comparison to the Timor frequency of 14.6% as shown in Table 9.
SNP

Retinal Disease Effect

Alleles

Timor

NESC

Ranchers

Greek

Korean

American Indian

ARMS2 rs10490924

T is Risk

G/T

.336

.311

1.000

.237

.398

1.00

ARMS2 rs10664316

- is Protective

-AT

.331

.396

.800

.415

.358

.800

CFH rs1061170

C is Risk

T/C

.067

.429

.400

.373

.069

.200

CFH rs12144939

T is Protective

G/T

.146

.170

.600

.213

.053

.150

CFH rs16840422

T is Protective

C/T

.155

.131

.400

.110

.083

.095

CFH rs2284664

T is Protective

C/T

.613

.197

1.000

.207

.364

.524

CFH rs800292

A is Protective

G/A

.688

.205

.600

.220

.397

.524

CFHR2 rs12066959

G is Risk

A/G

-

-

1.000

-

-

.350

HTRA rs11200638

A is Risk

G/A

.635

.303

1.000

.226

.405

.400

HTRA1 rs1049331

T is Risk

C/T

.358

.306

.400

.231

.407

.524

HTRA1 rs2293870

T/C is Risk

G/T/C

.356

.397

.600

.390

.407

.524

HTRA1 rs2672598

C is Risk

T/C

.523

.492

.600

.534

.711

.600

ROBO1 rs1387665

T is Risk

C/T

.553

.497

.300

.493

.380

.400

ROBO1 rs4513416

A is Protective

G/A

.346

.413

.400

.407

.468

.450

ROBO1 rs7622444

C is Risk

T/C

-

-

.000

-

-

.158

ROBO1 rs9809833

C is Risk

T/C

.178

.124

.200

.172

.308

.200

RORA rs12900948

G is Protective

A/G

.413

.410

.400

.502

.580

.600

RORA rs730754

G is Protective

A/G

.420

.397

.400

.468

.618

.600

RORA rs8034864

A is Risk

C/A

.417

.209

.800

.290

.587

.600

Table 9: Allele Frequencies of normal population that was genotyped.
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Discussion
Understanding risk for multifactorial conditions is
challenging and numerous strategies have been employed
[11,12,21]. Assessment of a homogenous population may allow
for more impactful results. Furthermore, isolated populations often
have less access to quality medical care services and preventative
care services, therefore understanding their unique risk is important
to devise the most effective and targeted screening strategies.
Diabetes within the American Indian population is considered
to be a major public health problem with about 16% diagnosed
with the chronic disease, as compared to only 8.7% in nonHispanic whites. American Indians have the highest rate of ageadjusted diabetes of all racial/ethnic minority groups [58,59]. All
individual who have diabetes are at risk for Diabetic Retinopathy
(DR) [37,38].
Our study did not ﬁnd DR as the major eye disease affecting
this population, but found mild hypertensive retinopathy to be
the eye disease that had the highest prevalence. The hypertensive
retinopathy phenotype was extensively evaluated by at least three
retinal surgeons using the Keith, Wagener and Barker classiﬁcation.
The ﬁnding of mild hypertensive retinopathy as the prevalent
retinal disease in this population is further supported in that we
did not ﬁnd an association with history of diabetes, Hba1c, and
VLDL (Table 3). While there is a great deal known about DR in
the American Indian population, little is known about hypertensive
retinopathy in this population. Hypertensive retinopathy is not
only a potentially blinding condition but is also correlated with
other serious co-morbid diseases such as stroke, myocardial
infarction and renal disease [10,21,28,60]. While we did not ﬁnd
an association hypertension with mild hypertensive retinopathy in
American Indians or Ranchers separately, we report a borderline
association within the entire heterogeneous population. This is
supported by other studies that show that hypertension is a risk
factor for hypertensive retinopathy [22,61]. We were not able
to conduct an analysis with the potential association between
hypertensive retinopathy and stroke as others have reported in our
study population because no one in this population reported having
a history of stroke [10,21,28,60]. The average age for the Ranchers
in our study was 53.15 years old and the average age of the American
Indians in our study was 44.3 years old. A person’s risk for stroke
increases with age [62]. With the risk of stroke doubling every
decade after the age of 55 [63]. This could have been why we did
not observe stroke in either population studied. When considering
solely the American Indian population, hypertriglyceridemia alone
is the strongest predictor of hypertensive retinopathy. Therefore,
statistically signiﬁcant predictors of hypertensive retinopathy
risk differ based on the population studied. This is to the best of
our knowledge this is a novel ﬁnding within an American Indian
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population. Previous studies have shown an association between
hypertensive retinopathy and hypertriglyceridemia in populations
from Nepal and India. In addition, the studies conducted on the
Nepalese and the populations from India were conducted with
patients that had already been diagnosed with hypertension at the
time of the study and were seeking care [13,64,65].
The presence of hypertensive retinopathy has also been
associated with increased mortality [21]. Therefore, detection of
hypertensive retinopathy is important not only for preservation
of vision, but also for systemic health and disease prevention.
The precise molecular genetic risk and pathophysiologic basis
for hypertensive retinopathy are not yet elucidated, though the
fundamental mechanisms are related to a sustained elevation in
systolic blood pressure resulting in compromise of the retinal
vascular integrity [60]. It is important to identify individuals at risk
for this condition both for preservation of vision but moreover due
to the serious and life threatening co-morbid conditions. This is true
for all populations but certainly for underserved groups without
adequate preventive care. The American Indians in this study are
part of The Confederated Tribes of the Goshute Reservation. This
is a tribe that is geographically, genetically and socially isolated
population allowing for a unique ability to identify correlations
between genetic data, epidemiological risk factors, and ocular
pathology in this homogenous population. Thus, our work is
important for both better understanding of unique factors affecting
this tribe as well as gaining insights into multifactorial disease.
This has important implications for disease prevention
and screening. Furthermore, this may represent different
pathophysiology with a ﬁnal common pathway though this needs
to be analyzed with further study. Hypertriglyceridemia has been
linked to diet, through sugar consumption and poor exercise habits
[66]. The American Indian population may have poor triglyceride
levels due to diet. They may not have access to healthy nutritious
foods that can contribute to healthy triglyceride levels. The rancher
population may be able to access more nutritional food sources by
crops that they grow themselves. The American Indian population
has limited access to nutritional food sources. The nearest grocery
store to the Goshute tribe is located 61.83 miles away (Smiths)
and there is only a single general store nearby [67,68]. Exercise
also plays a role in triglyceride levels. 80% of the American Indian
population reported working inside compared to 57% of the
Rancher population. Having an occupation that requires a person
to work indoors leads to less calorie expenditure, because there is
less work related to physical activity [69]. Having an occupation
indoors also leads to less sunlight exposure and decreased Vitamin
D levels. Vitamin D levels have been found to have a protective
factor against cardiovascular disease [70-72]. Moreover, it has
been shown that participants who had decreased levels of Vitamin
D were statistically more likely to develop retinopathy compared
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to those participants with higher Vitamin D levels [73]. Though, the
association between Vitamin D levels and decreasing hypertension
remain inconsistent [74-76]. We did not see an association between
Vitamin D exposure and hypertensive retinopathy the population
studied (Table 3).
Though the ROBO1 protein levels and the ROBO1 SNPs we
observed in our study were found to be not statistically signiﬁcant
risk factors for our population, when observing hypertensive
retinopathy, the expression of ROBO1 has been found to be altered
in different ocular neovascular diseases such as age-related macular
degeneration and corneal inﬂammation, in addition to other forms
of retinopathy such as diabetic retinopathy (DR) and Retinopathy
of Prematurity (ROP) [16,19]. Furthermore, RORA protein levels
and RORA SNPs were also not found to be statistically associated
with hypertensive retinopathy in our population study. Though we
did not observe an association, RORA has been associated with
risk of neovascular age-related macular degeneration [17-19].
While elevated blood pressure has previously been
associated with hypertensive retinopathy, hypertriglyceridemia
has not previously been shown to be associated with the presence
of hypertensive retinopathy in an American Indian population.
These data represent a novel association with hypertensive
retinopathy within a Native American tribe. Our data suggest
that consideration of these factors for recommendation of retinal
screening is important. Therefore, our data suggests that a retinal
exam may be an appropriate ﬁrst screening step, which may lead
not only to reduction in eye disease but also systemic disease and
mortality.
There are limitations to this study. The study may be relatively
underpowered, as factors signiﬁcant in univariate analysis failed to
achieve signiﬁcance in the multivariate logistic regression models.
Thus, our study provides only suggestive evidence that other factors,
including age, LDL, alcohol consumption and ROBO1 rs4513416
SNP may have a role in hypertensive retinopathy. Considering our
association with hypertension and hypertensive retinopathy, we still
had 70% power to detect an association assuming a p-value <.05
[77-80]. We have used small sample sizes in the past for studies of
this nature quite successfully and in particular when we compare
these ﬁndings to other cohorts from different parts of the world
with varying prevalence of posterior eye diseases. In this manner
we can identify factors (and potentially their disease mechanisms)
that are protecting or increasing risk for blinding diseases such as
hypertensive retinopathy, diabetic retinopathy and/or age-related
macular degeneration. Despite the limitations of our study, the fact
that we found an association between hypertensive retinopathy
and hypertension in the American Indians with our admittedly
modest sample size is strong evidence with our admittedly
modest sample size is strong evidence in favor of this association
[21,22]. Employing the use of geographically isolated populations
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in the study approach may be a valuable tool for understanding
the role and interaction of epidemiological and genetic factors
in contributing to multifactorial diseases such as hypertensive
retinopathy to inform better preventive care services and delivery.
This study investigates a genetically isolated population,
which as previously stated is important to uncover truly associated
disease susceptibility variants for complex diseases [81-84]. The
Goshutes are a small isolated population, which can be important
for genetic studies focusing on interactions between genetic and
environmental factors [44,81]. Isolated populations, though they
may have a small sample size, are important populations to study
because they are important to the understanding of diseases and
their components in a homogenous context that will help to create
new advancement in public health [82,83]. Observing allele
frequencies in isolated populations and how they are associated with
disease can help determine the health effects on genetic isolation
[44]. Small populations may have less environmental variability
when they are compared to larger populations that can be more
geographically diverse [44]. Within these isolated populations
there is also a decrease in genetic drift [44]. Health effects at the
local level include resource availability, which can effect both the
population’s environment and their lifestyle, because these can
cause health problems [83,84]. Examples of resources that may
not be available in these populations are the proximity to healthy
foods or certain medical advancements which then causes health
inequity in these isolated populations [83].
Future work is needed to identify if these ﬁndings remain
the same across all grade levels of hypertensive retinopathy, or
only for speciﬁc grade levels of hypertensive retinopathy. We took
a candidate gene based approach and selected variants that have
previously shown an independent association with retinal disease.
However, future studies will likely take an agnostic genetic
approach to this question, thereby identifying previously identiﬁed
as well as novel variants that may associate with hypertensive
retinopathy.

Conclusions
Studies have examined eye problems within Native
Americans, however little is known about variations in genetic
epidemiological factors and disease risk in individual tribes. This
study furthers our knowledge about prevalent blinding eye disease
within the most geographically isolated federally recognized
Native US American tribe, for which nothing has been published
with respect to any disease. Although, this study furthers our
understanding about the prevalence of genetic epidemiological
risk factors within this population, it has greater implications for
the screening of blinding diseases in underserved populations in
general. Hypertensive Retinopathy is a condition that can cause
blindness and is associated with morbidity and mortality risk.
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This is the ﬁrst study to report the prevalence of hypertensive
retinopathy in a Native American tribe and moreover the association
of hypertriglyceridemia with hypertensive retinopathy. This study
can inform public health on planning and delivering of quality,
accessible and relevant care to this population.
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